Abstract: To decrease uncertainties of projectile muzzle velocities is one of important ways to improve gun firing accuracy.
Introduction
Improving firing accuracies is one of the most important problems in the development of cannons. To reduce the fluctuations of projectile muzzle velocities, and to improve the accuracies of their means could help to improve the firing accuracies of cannons. The related research status is: with the help of the firing table, the changes of firing accuracies caused by the changes of projectile muzzle velocities are calculated in the single factor error method or the comprehensive parameters method [1] [2] [3] [4] ; but the changes of projectile muzzle velocities caused by the fluctuations of cannons' parameters could not be calculated because of the lack of effective methods. Due to the above problem, it is necessary to find a suitable method for sensitivity analyses of projectile muzzle velocities. To take a cannon as an example, this paper would study the influences of the relevant parameters of gun tube and projectile on the fluctuations of muzzle velocities and their means under different loading levels, which provides an effective method to improve the firing accuracies of cannons by adjusting cannons' parameters.
Ideal Function
According to the purpose of the design, actual projectile muzzle velocities should be equal to their design values respectively. In fact, it is not possible that actual projectile muzzle velocities are equal to their design values accurately, due to the fluctuations of cannons' parameters. In the paper the fluctuations of actual projectile muzzle velocities under different loadings could be described in the S/N ratio, while the changes of their means be described in the sensitivity coefficient. (The larger the S/N ratio, the lower the fluctuations of projectile muzzle velocities; the larger the sensitivity coefficient, the easier to change the means of projectile muzzle velocities.) In order to calculate the S/N ratio and sensitivity, the ideal function of the cannon is set up, which is shown as following:
( )
where is the mean values of actual projectile muzzle velocities, is the sensitivity coefficient, is the design values of projectile muzzle velocities.
respectively. 
Error Factors and Their Levers
Error factors mainly come from powders in the paper. The fluctuations of powers' structure parameters and physical properties are very small, because of the improved processing technologies. At the same time, environments in the actual emissions, plus transportations, storage conditions and storage times would cause initial powder temperatures to deviate from their set values, which may make projectile muzzle velocities increased or decreased. The powder in the study is mixed charge, so error factors may be integrated by different initial powder temperatures (as shown in Table 1 ): 1 -the negative side of the worst condition (making projectile muzzle velocities small); 2 -the positive side of the worst condition (making projectile muzzle velocities large).
Computational Model
Due to the limitation of the experimental conditions, it is not possible to carry out relevant physical tests in strict accordance with test settings. Based on some exiting experimental data, a neural network model is conducted, which is used to predict the cannon's projectile muzzle velocities in different situations. After testing, the credibility of the model is 0.945, which is greater than the setting value (0.9).So it is believed that the approximate model can be used to predict the cannon's projectile muzzle velocities accurately.
Design of Inner (outer) Tables

Design of the Inner Table
In the paper test schemes are designed in the inner/outer method, to reduce the number of tests and accurately to evaluate the effects of controlled factors on projectile muzzle velocities. The inner table is used to design test schemes. The outer tables are used to simulate the effects of error factors on projectile muzzle velocities under the given test scheme. According to the number of controlled factors and their levers, the inner table is compiled (as presented in Table  2 ), which provides 27 test schemes.
Design of Out Tables
After the inner table is established, outer tables will be designed for each scheme in the internal table, which are used to simulate the influence of error factors in the given test scheme. For example, Table 3 is an outer table, which is corresponding to the first test scheme in the inner table (Table 2 ).Because the power has 4 class, there are 4 signals in Table 3 ( 1 ， 2 ， 3 ， 4 ) .Then different projectile muzzle velocities could be calculated based upon controlled factors' levers in the first scheme and the related lever of error factors. 
Calculation of S/N Ratios and Sensitivities
On basis of test results in Table 3 and the ideal function(Eq. (1)), the S/N ratio and sensitivity of the first test scheme could be computed in Eq. (2) 
where 1 is the mean of test results in Table 3 , is the mean of signals in Table 3 .Then all test results are subtracted from the mean of test results in Table 3 , while the signals are subtracted from the mean of signals. The results are shown in Table 4 . Total sum of squares ( 1 ) and its freedom ( 1 ): 
where 1 is the square sum of corrected projectile muzzle velocities in Table 4 , 1 is the number of corrected projectile muzzle velocities in Table 4 . Linear expressions: 
where 1 is the sum of product the corrected signal and their corresponding corrected projectile muzzle velocity influenced by error factor 1 in Table 4 , 2 is the sum of product the corrected signal and their corresponding corrected projectile muzzle velocity influenced by error factor 2 in Table 4 . Effective divisor ( (14) The S/N ratios and sensitivities of the other test schemes could be computed by referring to the above method. All results are presented in Table 2 . The interpretation of the S\N ratio and sensitivity can refer to literature [8] .
Average Effect Analyses
Average Effect Analyses for S/N Ratios
The average S/N ratios of controlled factors at different levels may be calculated, according to S/N ratios in Table 2 . Figure 1 and Figure 2 are used to show controlled factors' average S/N ratios at different levers. In Figure 1 and Figure 2 , the average S/N ratios of controlled factors are different at different levels, i.e. the influences of controlled factors at different levels are different on the fluctuation of projectile muzzle velocities. Table 2 . The rationality of S/N ratios may be verified by the test of the best S/N ratio.
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Average effect analyses for sensitivities
The average sensitivities of controlled factors at different levels can be calculated in the part, according to sensitivities in Table 2 .They may be obtained by referring to the calculated method of the average S/N ratios in Part 6.1 . To facilitate the analyses, Figure 3 and Figure 4 are made, which are used to show controlled factors' average sensitivities at different levers. In Figure 3 and Figure 4 , the average sensitivities of controlled factors are different at different levels, i.e. the influences of controlled factors at different levels are different on the means of projectile muzzle velocities. Meanwhile Figure 3 and Figure 4 also show that the average sensitivity increases with the increases of barrel length (B), groove land ratio (E), band density (K)in the given intervals; and decreases with the increases of chamber volume (A), gun groove diameter (D), band diameter (I), band length (J), while it does not increase or decrease monotonously with the increases of rifling depth (C),forcing cone half angle (P), projectile mass (G), axial inertia (H).From the view of the sensitivity, the best levers of controlled factors are: 
where is the average value of all sensitivities in Table 2 . The rationality of sensitivities may be verified by the test of the best sensitivity.
Variance Analyses
According to the data supplied in Table 2 , variance analyses of S/N ratios and sensitivities would be conducted in the part, to further calculate analysis factors' contribution rates and significances.
Variance Analyses for S/N Ratios
Sum of S/N ratios ( )and Correction term ( ):
2 5147.04462
where n is the number of test schemes in Table 2 . Square sum of the fluctuation of S/N ratios ( )and its freedom( ):
41.96684 1 26
(The following only provides the calculated methods of the related indexes of both controlled factor A and error factors.
The indexes of the other controlled factors could be computed by referring to the above method.)
Average S/N ratios of controlled factor A: Square sum of SRN fluctuation of controlled factor A ( A η ) and its freedom ( A f ): 
Because ofF = 78.91 > 0.01 �2，4� = 10.92, controlled factor A is a highly significant factor, marked by "**". (If F > 0.01 �2，4�，controlled factor A is a highly significant factor, marked by "**"; if 0.05 �2，4� ≤ F ≤ 0.01 �2，4�, controlled factor A is a significant factor, marked by "*"; if F < 0.05 �2，4�，controlled factor A is not a highly significant factor or a significant factor, marked by" ".) Analysis of variance All the above results are given in Table 5 . According to table 5, chamber volume, rifling depth have larger contribution rates on the fluctuation of the S/N ratio while the other controlled factors have relatively low contribution rates. What's more, controlled factors' influences on the fluctuation of S/N ratios could be compared quantitatively with the help of their contribution rates. Meanwhile it is not enough to merely know the contribution rates of controlled factors, which does not consider the relationships between controlled factors and error factors. In order to solve the above problem, F analyses between controlled factors and error factors are conducted, which would show the significances of all controlled factors under the influence of error factors. Based on the above result, the highly significant and significant factors are chosen as optimization variables in the subsequent improvement. 
Variance analyses for sensitivities
The variance analysis of sensitivities could be conducted by referring to the variance analysis of S/N ratios, whose results are shown in Table 6 . The contribution rates of gun groove diameter, forcing cone half angle and axial Inertia are not shown in Table 6 , because they are too small. Table 6 shows that in the variance analysis of sensitivities the contribution rates of controlled factors are coincident with the information presented in Figure 3 and 4 ; the contribution rate of error factors is the largest among all analysis factors, which means that if the conditions of powder preservation are improved, the fluctuation of sensitivities would decrease, without any adjustments of controlled factors. After the conditions of powder preservation are improved, the contribution rates of all controlled factors could be computed again, which may help to obtain more the highly significant factors and the significant factors. If the conditions of powder preservation could not be improved firstly, the next optimization only would be conducted on the basis of the results shown in Table 6 .
Significances compares
The significances of controlled factors are shown in Table 7 . It is known from Table 7 that chamber volume and groove land ratio in the variance analysis of both S/N ratios and sensitivities are highly significant factors or significant factors; barrel length, rifling depth, projectile mass, band length are highly significant factors or significant factors only in the variance analysis of S/N ratios; gun groove diameter , forcing cone half angle , axial inertia , band diameter , band density are not highly significant factors or significant factors in the variance analysis of S/N ratios and sensitivities.
These mean that chamber volume and groove land ratio have obvious influences on the fluctuations of projectile muzzle velocities and the changes of their means in a given ranges; barrel length, rifling depth, projectile mass and band length only affect the fluctuations of projectile muzzle velocities; gun groove diameter, forcing cone half angle, axial inertia, band diameter, and band density have tiny influences on the fluctuations of projectile muzzle velocities and the changes of their means in a given ranges. According to the above analyses, the fluctuations of projectile muzzle velocities could be adjusted by barrel length, rifle depth, and band length in the subsequent optimization; the means of projectile muzzle velocities may be adjusted by chamber volume and groove land ratio; gun groove diameter, forcing cone half angle, axial inertia, band diameter, band density can be temporarily unchanged. This would make the subsequent optimization simpler. 
Test
Because the conclusions of the paper cannot be tested directly, the credibility of the test method and results would be tested indirectly from the following two aspects: the accuracies of projectile muzzle velocities and the rationalities of S/N ratios and sensitivities. The accuracies of projectile muzzle velocities are sure, due to the credibility of the computational model. According to projectile muzzle velocities supplied by the computational model, the conclusions of effect analyses and variance analyses are believable, if S/N ratios and sensitivities are reasonable in Table 2 .The rationalities of S/N ratios and sensitivities are obtained, if the actual values of the best S/N ratio and sensitivity are consistent with their predicted values respectively. After computation, the actual values of the best S/N ratio and sensitivity are 10.05 dB and 0.2906 dB, which are very accordant with their corresponding predicted values in Part 6 respectively. So the test method and results provided in the paper are believable, due to the credibility of the computational model and the rationalities of S/N ratios and sensitivities.
Conclusion
Taking a cannon as an example, this paper provides a method, which is used to compute the influences of cannons' parameters on the fluctuations of projectile muzzle velocities and their means in the given internals.
1) The out (inner) tables are established to design test schemes, meanwhile S/N ratios and sensitivities are calculated in different test schemes.
2) The influences of controlled factors in different levels are computed on the fluctuations of projectile muzzle velocities and their means on the basis of the average S/N ratios and the average sensitivities. The best S/N ratio and sensitivity are predicted at the same time.
3) Thirdly the contribution rates and significations of all analysis factors are calculated through variance analyses of test results, then according to the above results, the suggestions are provided, which are used to improve the firing accuracies of the cannon. 4) The test method and conclusions are verified to be credibility.
